Background: Fetuin A, a predictor of cardio-vascular (CV) mortality in dialysis patients has been associated with dyslipidemia in non-diabetic coronary artery disease. Truncal obesity is linked to dyslipidemia and also predicts CV mortality. This study had aimed to investigate the associations among fetuin A, truncal obesity, and dyslipidemia in hemodialysis (HD) patients. Methods: One hundred and nine non-diabetic HD patients were evaluated. Waist circumference, highly sensitive C-reactive protein (hs-CRP), fetuin A, and lipoprotein levels (i.e. total cholesterol (T-CHO), low-density lipoprotein (LDL-C), high-density lipoprotein (HDL-C), non-HDL-C, and triglyceride (TG)) were measured for analysis of correlations. The patients were divided into tertiles by fetuin A concentrations. Results: Data from 63 women and 46 men aged 60G13 years were analyzed. Patients in the highest tertile of fetuin A (0.33-0.51 g/l) had higher serum creatinine, albumin, T-CHO, LDL-C, non-HDL-C, and TG, more truncal obesity and lower hs-CRP than patients in the lowest tertile (all P!0.05). In multi-variable linear regression analysis, fetuin A was independently associated with TG level and total iron binding capacity after adjustments for age, hemoglobin, albumin, calcium, body mass index, and hs-CRP. Patients in the highest fetuin A tertile had 3.2-and 4.4-fold higher incidence of truncal obesity (PZ0.038) and hyper-triglyceridemia (PZ0.015) independent of nutritional status and inflammation. Conclusion: Fetuin A is positively associated with truncal obesity and dyslipidemia, which are independent of malnutrition and inflammation. It may predict visceral adiposity and dyslipidemia, especially TG and TG-rich lipoproteins, in HD patients.
Introduction
Fetuin A is a protein secreted by hepatocytes that inhibits insulin receptor tyrosine kinase of adipose and muscle cells (1, 2) . Recently, its inhibitory potency on calcium phosphate precipitation has been linked to cardio-vascular (CV) calcification and has predicted CV and non-CV mortality in dialysis patients (3) . In an animal model, mice with fatty liver up-regulated fetuin A (Ahsg) mRNA (4, 5) . Moreover, in a recent investigation, fetuin A concentration was associated with body fat mass in chronic kidney disease (CKD) patients (6) . This suggests that fetuin A may play a role in deranged visceral adiposity in both humans and mice.
Truncal obesity, known as an over-accumulation of visceral adiposity that can be estimated by waist circumference (WC), is prevalent in hemodialysis (HD) patients (7, 8) . It is closely related to non-alcoholic hepatic steatosis, epicardial fat deposition, and insulin resistance (IR), and predicts the occurrence of type 2 diabetes mellitus (DM) in the general population (9) (10) (11) (12) . Furthermore, deranged visceral adiposity consequently leads to inflammation, dyslipidemia (13) , and higher CV mortality. Unfortunately, the association of fetuin A and truncal obesity in HD patients prone to fetuin A deficiency and malnutrition has not yet been investigated.
In non-diabetic coronary artery disease (CAD) patients without CKD, fetuin A concentration is closely associated with dyslipidemia, especially high-density lipoprotein cholesterol (HDL-C), triglyceride (TG), and low-density lipoprotein cholesterol (LDL-C) (4) . In previous investigations, chronic dialysis patients frequently have low HDL-C and LDL-C levels than the general population and predict worse all-cause outcomes (14, 15) . Although the prevalence of dyslipidemia is extremely high in dialysis patients, the exact relationship of fetuin A and dyslipidemia in these patients is unknown.
This study posits that the fetuin A may be associated with the derangement of visceral adiposity and consequently, dyslipidemia in dialysis patients. This cross-sectional investigation aimed to reveal the relationships among fetuin A, atherogenic lipoproteins, and truncal obesity in non-diabetic HD patients.
Methods

Subjects and patients
One hundred and nine patients aged O18 years (mean age: 60G13 years; 63 females) who received HD for more than six months at the Far Eastern Memorial Hospital were evaluated for analysis of fetuin A, WC, and lipid profiles. Diabetic patients with a past history and/or present fasting hyperglycemia R126 mg/dl were excluded. One hundred and thirty-four nondiabetic patients were initially included but eight with active infection, two who were hospitalized for acute ischemic stroke and who received trans-arterial chemoembolization for hepatocellular carcinoma, and 15 who refused to participate were excluded. Data from 109 patients were included in the final analysis.
The study patients received 3.5-5 h of HD three times a week using bicarbonate dialysate. The mean duration of HD before recruitment was 4.1 years (range: 0.8-19.5 years). Fifty-seven women were post-menopausal (91%). The hospital's Institutional Review Board approved this study and all of the participants provided written informed consent.
Baseline demographic and clinical data and laboratory parameters
Baseline data, including gender, age, body weight and height, body mass index (BMI), WC, presence of hypertension, underlying renal disease, HD regimen, duration of HD therapy, and concurrent medications of each patient were recorded. WC was measured on bare skin at the level of the umbilicus. Truncal obesity was defined according to the modified Asian criteria of the National Cholesterol Education Program Adult Treatment Panel III (NCEP ATP III), i.e., WC O90 cm in males and O80 cm in females (16) .
Venous blood was sampled in the morning, after an overnight fast O8 h before dialysis. Whole blood was used for measuring hemoglobin, EDTA-plasma for blood urea nitrogen, serum creatinine, calcium, phosphorus, potassium, uric acid, albumin, TG, total cholesterol (T-CHO), LDL-C, HDL-C, and non-HDL-C.
Immuno-assay determined intact parathyroid hormone while the immuno-nephelometric method using Tina-quant CRP (Latex, Indianapolis, IN, USA) ultra-sensitive assay (D & P modular analyzer, Roche Diagnostics GmbH) determined the highly sensitive C-reactive protein (hs-CRP).
Measurements of serum fetuin A concentration
Serum fetuin A was measured by a highly sensitive, twosite enzyme linked with immuno-assay (GenWay Biotech, Inc., San Diego, CA, USA). Nephelometry for fetuin A employed the same high-specificity antibody as the ELISA and established reproducible standard curves after testing for appropriate dilution. This was evaluated in a side-by-side comparison with immuno-blot analysis to exclude cross-reactivity of the antibodies with other serum proteins and proteolytic fragments of fetuin A. The intra-assay coefficient of variation was 5.5% and the inter-assay coefficient of variation was 6.2%. The assay linear measurement range of human fetuin A was 0.05-3.5 g/l.
Lipoprotein measurement
Levels of T-CHO and TG were measured enzymatically while HDL-C was measured after precipitating apolipoprotein B-containing lipoproteins with dextran sulfate and magnesium chloride. LDL-C was calculated according to the Friedwald formula, with non-HDL-C equal to T-CHO minus HDL-C.
Statistical analysis
Continuous data are presented as meanGS.D. while categorical data are reported as percentages. The participants were divided into tertiles based on serum fetuin A concentrations, with tertile 1 representing the lowest tertile (tertile 1: 0.15-0.25, tertile 2: 0.26-0.32, and tertile 3: 0.32-0.51 g/l). Differences in baseline characteristics and lipoprotein concentrations were compared by ANOVA and LSD post hoc analysis for continuous variables, and by c 2 test for categorical variables. The unadjusted association of fetuin A with WC and lipoproteins was also evaluated using Pearson's correlation.
Linear regression analyses determined the adjusted association of fetuin A and all other variables. Fetuin A was the dependent variable and in addition to demographic characteristics (e.g. age), covariates for multi-variable adjustment were selected based on the reported association with fetuin A (i.e. albumin, hemoglobin, hs-CRP, BMI, and calcium) in previously published results (3, 17, 18) .
The association of fetuin A tertiles with truncal obesity and components of dyslipidemia were also evaluated. Logistic regression models were used, with fetuin A as the predictor variable and dyslipidemia (i.e. serum T-CHOR200 mg/dl, LDL-CR130 mg/dl, HDL-C%40 mg/dl in men and %50 mg/dl in women, non-HDL-CR160 mg/dl, and TGR150 mg/dl) (16) as a separate outcome variable. These models were adjusted for the same covariates as the primary multivariable models. All statistical analyses were performed using the SPSS software, version 13.0 (SPSS, Inc., Chicago, IL, USA). A P value !0.05 was considered statistically significant.
Results
Basic characteristics and truncal obesity among tertiles of fetuin A
The basic characteristics of patients in different tertiles of fetuin A were summarized in Table 1 . Their means of fetuin A concentration were 0.21G0.03, 0.28G0.02, and 0.37G0.05 g/l respectively, which were normally distributed (mean 0.29G0.07 g/l). Patients in the highest tertile were younger than those in the middle (PZ0.022) and lowest tertile (PZ0.001), had higher serum creatinine than those in the middle (PZ0.043) and lowest tertile (PZ0.013); higher albumin than those in the middle (PZ0.013) and the lowest tertile (P!0.001); and lower hs-CRP than those in the lowest tertile (PZ0.017) but similar to those in the middle tertile (PZ0.142). The WC and BMI of patients in the tertiles were similar, although more patients in the highest tertile had truncal obesity than those in the middle (PZ0.042) and the lowest tertiles (PZ0.012).
Men had similar age, BMI, albumin, hs-CRP, fetuin A, and hemoglobin as women in the study, but had higher serum creatinine, body weight, and height than the women.
Lipoprotein levels in tertiles of fetuin A
The means of T-CHO, LDL-C, HDL-C, non-HDL-C, and TG in all the patients were 177G44, 94G36, 55.8G17.5, 122G40, and 141G93 mg/dl respectively. Serum T-CHO, LDL-C, non-HDL-C, and TG levels were different among the tertiles (PZ0.001, 0.011, 0.001, and 0.036 respectively). Patients in the highest tertile had higher TG levels than those in the lowest tertile (PZ0.023) but similar levels to those in the middle tertile (PZ0.130); higher T-CHO than those in the middle (PZ0.020) and the lowest tertiles (PZ0.014); higher LDL-C than those in the middle (PZ0.048) and the lowest tertiles (PZ0.010); and higher non-HDL-C than those in the middle (PZ0.044) and the lowest tertiles (PZ0.023). HDL-C levels were not different among the tertiles ( Fig. 1 and Table 2 ). In the highest tertile of fetuin A concentration, patients had more TGO150 mg/dl and non-HDL-CO160 mg/dl than those in the two other tertiles ( Table 2) . 
Association between fetuin A, lipoproteins, and truncal obesity
In univariate analysis, the association of demographic variables and lipoproteins with fetuin A was linear. Age, hemoglobin, creatinine, calcium, log (hs-CRP), albumin, total iron binding capacity (TIBC), T-CHO, non-HDL-C, and TG were likewise significantly associated with fetuin A concentrations (Table 3) .
In multi-variate analysis, after adjustment for variables associated with fetuin A, only age, albumin, TIBC, and TG were independently significantly correlated with fetuin A (PZ0.032, !0.001, 0.018, and 0.038 respectively).
Association of truncal obesity and dyslipidemia with fetuin A
The highest tertile of fetuin A was significantly associated with more truncal obesity and higher non-HDL-C and TG levels compared with the lowest tertile (PZ0.021, 0.04, and 0.023 respectively). After multi-variate adjustments for age, albumin, calcium, BMI and hs-CRP levels, fetuin A remained associated with truncal obesity and TG levels (odd ratioZ3.2 and 4.4, PZ0.038 and 0.015 respectively; Table 4 ).
Discussion
The present investigation mainly demonstrates that fetuin A concentrations in non-diabetic HD patients are positively associated with truncal obesity and dyslipidemia, especially hypertriglyceridemia, which are independent of nutritional status and inflammation. Beyond an inhibitory potency on CV calcification, higher fetuin A is also linked to deranged visceral adiposity in non-diabetic HD patients, similar to the general population. Regarding the association of type 2 diabetes and dyslipidemia with fetuin A in the general population (4, 19) , the results here show connections in HD patients.
Truncal obesity is associated with enhanced adipokine secretion and results in dyslipidemia and consequently, DM in obese populations. It is also closely linked to non-alcoholic hepatic steatosis and CV diseases (9) (10) (11) (12) . Here, a novel association between truncal obesity and fetuin A concentrations is demonstrated in the HD population, many of whom are prone to be thinner and have lower BMI. The mechanisms underlying this connection remain unknown although in animals, rats with fatty liver expressed up-regulated fetuin A mRNA (20) . Moreover, in a non-CKD human longitudinal study, fetuin A concentration is positively associated with liver fat (5) .
Because fetuin A is exclusively secreted from hepatocytes, it is hypothesized that fetuin A expression is up-regulated in liver dysfunction, especially fatty liver (5), which may be the go-between of truncal obesity and high fetuin A concentration in HD patients. However, the exact amount of liver fat was not measured in the present investigation. As regards the close association of fatty liver and truncal obesity (21), it is suggested that patients with high fetuin A concentrations have more severe fatty liver. This, however, requires further evaluation to validate.
In the results here, high fetuin A concentration is independently predictive of truncal obesity (Table 3) even after adjustments for albumin, creatinine, hemoglobin levels, BMI, and age. This implicates high fetuin A to subsequent complications of truncal obesity, such as type 2 DM and CV diseases. Interestingly, higher fetuin A is linked to the incidence of type 2 DM in the elderly. Nevertheless, in dialysis patients prone to renal IR, the association of fetuin A and DM may be difficult to establish.
Contrary to the general perception, lower BMI predicts higher mortality in end-stage renal disease (ESRD), which is the so-called 'reverse epidemiology' in Figure 1 Serum T-CHO, LDL-C, non-HDL-C, and TG levels were higher in the highest tertile (PZ0.001, 0.011, 0.001, and 0.036 respectively), while HDL-C levels were not different among the tertiles (PZ0.458).
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www.eje-online.org dialysis patients (22) . While there is still controversy about the 'reverse epidemiology', the present evidences support this phenomenon. Other than bio-incompatibility and oxidative stress in dialysis patients, malnutrition-inflammation-anemia syndrome is the major cause of inflammation (22, 23) . In previous investigations, there was a negative correlation between serum fetuin A concentration and hs-CRP, which is compatible with our results (3, 24) . The exact mechanism of the low inflammatory status in dialysis patients with higher fetuin A concentration is not completely known. Nonetheless, some authors propose the potency of fetuin A in inhibiting vascular calcification and in the negative acute phase protein as its anti-inflammatory effects (18, 25) . Beyond the accelerated vascular calcium deposition in fetuin A deficiency, the associated lower visceral adiposity may be another explanation for the high CV mortality. Further investigations are again warranted.
The association of fetuin A and dyslipidemia is observed in non-diabetic CAD patients. Fetuin A is positively associated with LDL-C, non-HDL-C, and TG but negatively associated with HDL-C. The association is explained by the inhibitory effect of fetuin A on adipose tissue, which leads to lipolysis and free fatty acid efflux (4) . In animal models, the over-expression of hepatic Neu3, a membrane enzyme linked to insulin sensitivity, increases hepatic TG accumulation and fetuin A expression (26) . The secretion of fetuin A and TG may be a phenomenon that occurs simultaneously to common stimulations in hepatocytes.
The present study also demonstrates an association between fetuin A and non-HDL-C, mainly composed of TG-rich lipoproteins (27) , and TG but not LDL-C and HDL-C in HD patients (Tables 3 and 4) . Several investigations, including the present one, have shown that ESRD patients mainly have more elevated TG and non-HDL-C but not LDL-C (14, 28) . This may partially explain why the association between fetuin A and dyslipidemia occurs mainly on the non-HDL-C and TG components. On the relationship between dyslipidemia and CV mortality (29) (30) (31) , the relationship between high fetuin A and CV mortality warrants further investigation through larger studies because its reverse impact on CV mortality related to malnutrition and CV calcification in dialysis patients has been shown in previous studies (3, 18) .
This study has some limitations. First, the relatively small size of HD patients cannot completely resolve the epidemiologic question. Particularly, on multi-variable regression analysis, not all possible confounding factors of fetuin A could be selected for adjustment. Hence, the statistical power could have been weakened. Second, the cross-sectional design cannot resolve the problem of causal relationship. Further longitudinal change of visceral adiposity and fetuin A level should be investigated thereafter. Third, the exact visceral adiposity was not measured directly, which lessened the evidence regarding the association between fetuin A and truncal obesity.
Conclusions
This cross-sectional investigation demonstrates the positive association of fetuin A with truncal obesity and dyslipidemia, especially hyper-triglyceridemia, which are independent of malnutrition and inflammation. Fetuin A may be a good predictive marker of visceral adiposity in non-diabetic HD patients with a relatively lean body size, and of dyslipidemia, especially TG and TG-rich lipoproteins. Further larger scale studies are needed to corroborate these findings.
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